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Accidental nasopharyngeal colonization of a laboratory worker by a human disease isolate of Neisseria
meningitidis allowed us to examine the variation in expression of outer membrane components and the host
humoral response over time. There were quantitative differences in class 1 outer membrane protein expression
in nasopharyngeal isolates obtained at different times. Isolates also showed phase variation of all four class 5
outer membrane proteins produced by the colonizing strain. After colonization, we detected new host serum
immunoglobulin G antibodies directed against class 1, class 5, and H.8 outer membrane proteins.
Neisseria meningitidis is a gram-negative diplococcus that
is an important cause of bacterial meningitis and fulminant
septicemia (3). A significant minority of the human popula-
tion carries meningococci asymptomatically in the nasophar-
ynx (3). Because of some combination of host susceptibility
factors and bacterial virulence factors, the meningococcus
occasionally penetrates the mucosal barrier and invades the
bloodstream, causing disease (3). Meningococci display in-
ter- and intrastrain heterogeneity in several cell surface
components, which may contribute to pathogenesis or to
evasion of the host immune response (1-3, 5, 8, 10-12). For
example, a single meningococcal strain can exhibit phase
variation (reversible on-off switching of expression) and
antigenic variation (expression of different antigenic forms)
of the class 5 outer membrane proteins (OMPs) (1, 8, 11).
Crowe et al. studied carrier and disease isolates of the same
meningococcal clone from different people during a menin-
gococcal epidemic and found variation in a limited number of
characteristics, including quantitative differences in class 1
OMP expression and expression of different class 5 OMPs in
different isolates (2). Other investigators have studied vari-
ation in surface components of isolates cultured from dif-
ferent sites or at two different times from individuals infected
or colonized with meningococci (10, 12). Here, we report a
longitudinal study of variation in nasopharyngeal isolates
obtained over 7 months after colonization of a laboratory
worker with a well-characterized human disease strain.
Strain FAM20 is a spontaneous nalidixic acid-resistant
mutant of strain FAM18, a serogroup C, serotype 2a human
disease isolate (4, 8) commonly used in our laboratory.
Among the OMPs expressed by strain FAM20 are the H.8
and class 1, 2, 4, and 5 OMPs. The H.8 OMP is a lipoprotein,
the class 1 and 2 OMPs are porin proteins, the class 4 OMP
is a reduction-modifiable protein, and the class 5 OMPs are
a family of heat-modifiable proteins (5, 6, 13). In our previ-
ous work with strains FAM18 and FAM20, we isolated
colony variants expressing two different class 5 proteins, Sa
and Sb (8). Monoclonal antibodies (MAbs) H.22 and H.21
bind the class Sa and class 5b proteins, respectively (8). The
FAM18 chromosome contains two more class 5 genes in
addition to those encoding class Sa and class Sb proteins (8;
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One of those additional genes encodes a second MAb
H.22-binding protein, designated class 5d. Neither of the
MAbs binds to the product of the fourth gene (class 5c).
Until now, the ability of strain FAM18 to produce class 5c or
5d proteins was inferred from the analysis of cloned class 5
genes and we had not isolated meningococcal variants
expressing those proteins. A single meningococcus can
express no or one or more class 5 proteins (1, 8).
Over a 6-year period, the laboratory worker (LW) who
had received the tetravalent serogroup A/CY/YW135 menin-
gococcal vaccine had monthly negative throat cultures on
GC medium base agar (Difco Laboratories, Detroit, Mich.)
plates containing vancomycin, colistin, and nystatin. A
recent routine culture showed light colonization (approxi-
mately 50 CFU on a throat swab) by a nalidixic acid-resistant
meningococcal strain identified as FAM20, as described
below. Laboratory strain FAM20 and the throat isolate,
designated LW1, were both sensitive to 1 pug of rifampin
(RIF) per ml, and standard treatment of LW with RIF (600
mg twice daily for 2 days) resulted in immediate clearance of
his throat culture followed by two negative throat cultures at
monthly intervals. All subsequent throat cultures have been
positive (approximately 500 to >105 CFU on a throat swab)
over a period of 7 months (Table 1). Starting with isolate
LW2, all subsequent isolates were resistant to 100 ,ug of RIF
per ml, indicating that they were an outgrowth of a RIF-
resistant mutant from the initial treated colonization rather
than a recolonization of the subject. Strain FAM20 and all
LW throat isolates were gram-negative diplococci, formed
oxidase-positive colonies, were resistant to 10 ,ug of nalidixic
acid per ml, and produced the serogroup C capsular polysac-
charide, as determined by agglutination (group C antiserum;
Difco) on a slide.
We examined the colonizing strain FAM20 and the eight
throat isolates (LW1 through LW8) by sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) of
outer membranes (8). The initial throat isolate, LW1, was
virtually identical to strain FAM20 (Fig. 1). Starting with
isolate LW2 cultured after RIF treatment, there were differ-
ences in class 1 OMP expression over time. Although the
class 1 porin protein, identified by its characteristic apparent
molecular mass, could be detected in each throat isolate,
there were quantitative differences among them, with low
levels of expression in isolates LW2 through LW4 and an
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TABLE 1. OMP expression in throat isolates of
meningococcal strain FAM20
Isolate" Isolation time Class 1 OMP PredominantIsolate'(W)b exrsin class 5 OMP(s)(wk expressionc' ~expressedd
FAM20 High a
LW1 0 High a
LW2 14 Low a, b, c, d
LW3 19 Low b, c
LW4 21 Low b, c
LW5 23 Intermediate b, c, d
LW6 25 High c, d
LW7 27 High b, c, d
LW8 29 High b, c, d
a All but two LW isolates were frozen at -70°C as mixtures of colonies
from plates containing vancomycin, colistin, and nystatin and inoculated from
throat swabs; subsequent analyses were performed on meningococci grown
directly from these stocks on GC medium base agar. Isolates LW1 and LW2
were passed daily three and two times, respectively, before freezing.
b Number of weeks after the first positive throat culture.
c Determined from stained gels and immune serum Western blots.













increase in expression back to the original level in isolates
LW5 through LW8 (Fig. 1 and 2). We do not know if the
changes in class 1 protein expression reflect quantitative
changes in the level of expression by all organisms in a
population or heterogeneity in expression by different organ-
isms within the population colonizing the nasopharynx at
any given time.
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FIG. 1. SDS-PAGE of lithium acetate-extracted outer mem-
branes (8) of strain FAM20 and LW throat isolates solubilized at
100°C. Size standards (in kilodaltons) (prestained low molecular
mass standards; Bethesda Research Laboratories, Inc., Gaithers-
burg, Md.) are indicated on the left side of each panel. Only relevant
parts of the gel and blots are shown. The band appearing above the
class Sb band in isolates LW3 and LW4, and to a lesser extent in
LW7 and LW8, represents incompletely solubilized class 5b protein
and does not appear on all gels. (A) Gel (15% acrylamide-0.087%
bisacrylamide) stained with silver after periodate oxidation (7). (B
and C) Western blots of 10% acrylamide-0.13% bisacrylamide gels
probed with MAb H.22 (class Sa and d specific [panel B]) or MAb
H.21 (class 5b specific [panel C]) and [1251I]protein A. There is a faint
but detectable band in the LW5 lane in panel C.
FAM LW LW FAM LW LW
20 2 7 20 2 7
FIG. 2. Heat modification of the four class 5 proteins as seen on
a 15% acrylamide-0.087% bisacrylamide gel stained with silver (4).
Outer membranes were solubilized at 37 and 100°C, as indicated.
Size standards (in kilodaltons) are indicated on the left. Symbols
mark the class 5a (U), Sb (+), Sc (0), and Sd (A) proteins. The
relative positions of Sa and Sd change at different solubilization
temperatures.
of outer membranes solubilized at 37 and 100°C as well by
Western (immuno-) blotting and bactericidal assays with
class 5-specific MAbs H.22 and H.21 (8). Four different class
5 proteins were expressed among the isolates, with each
showing a characteristic apparent molecular mass and heat
modifiability (Fig. 1 and 2). Each protein showed phase
variation of expression over time. Colonizing strain FAM20
and the initial throat isolate LW1 expressed only class 5a.
Isolate LW2 expressed the three other class 5 proteins in
addition to class 5a. In later isolates, class 5a protein
expression was turned off, while the other three class 5
proteins showed increases and decreases in the level of
expression over time. Since we have not previously detected
expression of the class 5c and 5d proteins by strain FAM20
in vitro, conditions of in vivo colonization may have en-
hanced their expression in the throat isolates. The SDS-
PAGE results reflect class 5 OMP production by a popula-
tion of organisms and not necessarily the expression state of
individual meningococci. The results of bactericidal assays
with MAbs H.22 and H.21, which indicate the percentage of
a meningococcal population expressing a particular MAb-
binding class 5 protein (8), were consistent with the class 5
protein expression shown by SDS-PAGE and Western blot-
ting (Table 2). Isolates expressing either class 5a or class 5d
or both were susceptible to MAb H.22-mediated bactericidal
activity.
We did not detect changes over the course of the coloni-
zation in expression of the class 2 or class 4 OMPs (Fig. 1
and 2) or the H.8 OMP by Western blotting (data not shown).
There was a host serum immunoglobulin G response to
meningococcal outer membrane antigens as shown by West-
ern blotting of denaturing gels (Fig. 3). Serum obtained 11






TABLE 2. FAM20 class 5 OMP expression determined by
bactericidal assays with MAbs H.22 and H.21
% Population killed by class 5-specific MAb'
Isolate H.22 H.21
(class 5a and d (class 5b specific)
specific)
FAM20 99.6 ± 0.1 1 ±91
LW1 99.3 ± 0.1 1 ±91
LW2 24 ± 8 45 ± 2
LW3 0 ± 0 77 ± 5
LW4 11 ± 7 68 ± 6
LW5 23 ± 8 21 ± 6
LW6 18 ± 6 4 ± 4
LW7 58 ± 6 67 ± 6
LW8 14 ± 2 36 ± 3
a CFU killed in a 45-min bactericidal assay by using MAb and 25% infant
rabbit serum as a complement source relative to the total number of CFU
obtained by using heat-inactivated serum (8). Mean ± standard error of the
mean for three or four separate determinations.
antibodies that recognized the class 4 protein but no other
outer membrane antigen. Serum obtained 19 weeks after the
first positive throat culture contained antibodies that recog-
nized the class 1, 4, and 5 and H.8 OMPs as well as some
other antigens. We did not detect antibodies directed against
the class 2 OMP, but antibodies against this protein are often
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FIG. 3. Serum immunoglobulin G response to outer membrane
antigens of strain FAM20 and LW throat isolates. Outer membranes
were solubilized at 100°C. Size standards (in kilodaltons) are indi-
cated on the left. (A) Western blot of a 10% acrylamide-0.13%
bisacrylamide gel probed with preimmune serum (obtained 11
months prior to the first positive throat culture) diluted 1:200 and
[125 ]protein A. (B) Western blot of a 10% acrylamide-0.13%
bisacrylamide gel probed with serum obtained 19 weeks after the
first positive throat culture (concurrent with the isolation of LW3)
diluted 1:200 and [1251]protein A.
binding would not be detectable under the denaturing con-
ditions we used (9). Sera collected later during colonization
showed an essentially identical Western blot pattern to the
first immune serum (data not shown). Antibodies against
both class 5a and class 5d produced dark bands on Western
blots, while the class 5b and class 5c bands were very faint,
even when we probed isolates in which class 5b or class Sc
was the predominant class 5 protein. These results indicate
that a relatively minor antibody response to linear epitopes
common to all class 5 OMPs or unique to class 5b or class Sc
occurred. There was no apparent correlation between the
presence of class 5-specific serum immunoglobulin G anti-
bodies and the subsequent pattern of phase variation of the
class 5 OMPs.
Host factors influencing variation in meningococcal pro-
tein expression have not been identified. The humoral im-
mune response might play a role, as might variation in the
nasopharyngeal microenvironment or other unidentified host
factors. Since LW was protected by prior immunization
against invasive disease caused by serogroup C meningo-
cocci, we do not know if the observed variation in expres-
sion of class 1 or class 5 OMPs influences the progression
from colonization to invasion. This study demonstrates that
dynamic variation in OMP expression occurs over a rela-
tively short time of colonization, including phase variation of
expression of the entire class S repertoire of the colonizing
strain.
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